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DISCUSSION ON "ENCLOSED STATION WIRING," AT CHICAGO,
ILL., MAY 24, 1 907

C. W. Stone: I notice that Mr. Blackwell speaks of the con-
nections being simple. I think this is a very serious mnatter
and one that is not given the consideration it warrants. We
try to make a systemn flexible by putting in all sorts of tie con-
nections; then in order to save space and save cost we put in
knife-switches. By putting in the knife-switches we court
just what we are trying to avoid. The knife-switch may be
opened by mistake. If it is opened under load by mistake
there is a big arc, which may be whipped across and involve
all the adjacent apparatus. Therefore, if possible, I think we
should always try to keep each individual circuit entirely dis-
tinct, with no tie, and if ties are used we should use enclosed
switches; that is, all switches in the form of knife-switches
must be put in between barriers in order to confine the arc.
From Mr. Blackwell's paper it is quite evident the arc cannot

be confined, if an arc at low voltage will jump forty feet. He
also speaks of putting in barriers between the conductors.
This is a very serious point with high-tension apparatus. If
barriers are put between them, jumping distances are shortened
and therefore the barriers must be put farther apart. This
makes it almost prohibitive to install bits-bars in a bus-bar
compartment, because the bus-bar compartment becomes as
large as the station in order to allow safe jumping distances.
One other thing in connection with the keeping apart of the

high-tension conductors, and that is the point where they are
brought together in order to put in potential transformers.
Potential transformers are connected across between phases,
therefore resulting in a tie directly across between phases
through a small device. This small device must be isolated
and separated in such a way that if an arc forms or an arc
jumps across the terminals it will not communicate between the
phase wires. This means that each lead has to go through
some brick barrier or soapstone barrier or through an insulator,
which is bad at verv high potentials. Then the current trans-
former is also used, a very serious thing with high potentials.
It therefore would seem good practice to eliminate all sec-
ondary devices whatever from the high-potential side, installing
all instruments on the low-potential side, running directlyfrom
the transformer, say, or the switch to the line, with nothing
whatever connected to it.

L. C. Marburg: What Mr. Stone has said regarding simplicity
of wiring connections cannot be endorsed too strongly. There
is a tendency towards introducing flexibility to such an extent
that the complications necessary to obtain it form a weaker
point in the system than the original arrangement, the failure
of which it is intended to take care of. In other words, while
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providing for an emergency occurring, say once in three years,
we may be introducing the danger of a breakdown once a month.
With regard to enclosed wiring for 60,000 volts, Mr. Stone's

remarks also appeal to me. Compartments for such high volt-
ages become too large to be practicable, and it would seem that
open work if propeily designed, for example the type of in-
stallation adopted at the Ontatio Power Company's plant at
Niagara Falls, offers as much reliability as can be obtained.
If wires are separated a sufficient distance so that an arc cannot
hold, the installation is about as safe as it can be made. For
voltages not higher than 30,000, bus-bar compartments and
barriers between compartments and oil-switches have become
the standard practice, at least as far as generating stations are
concerned, but it would seem as if in many cases, wires were
enclosed niore than advisable. W'hat is wanted are brick or
concrete barriers between all bus-bars and between all switch
connections, an(d as little brick or concrete work as possible
should be introduced outside of this, so as to leave all wires
and insulators visible and easily reached. For example, a
bus-bar compartment may consist of one main velrtical wall
in the rear and a number of horizontal concrete slabs supported
in front by means of smnall concrete columns. The bus-bars
are placed in the horizontal compartments formed by these
slabs, and switch connettions are carried through the rear wall
to switches located above or below these compartments, bar-
riers being placed between the individual leads. This arrange-
ment leaves all wires and insulators visible throughout, and
seems superior to closed compartments and closed vertical
risers between compartments and switches, as any leakage
will be readily detected and as all insulators can easily be
cleaned.

Instruim-ent transformers on the high-tension side are of
course utndesirable, but, if the station contains a high-tension
bus-bar with several independent outgoing lines needing pro-
tection, th.ey cannot be done away with entirely.

P. M. Lincoln: Ml. Blackwell sumhmarizes his paper thus:
1. " The system of connection should be as simple as will give

the necessary control over the station ". I think that all elec-
trical engineers will agree with him there.

2. " The conductors should follow the shortest and most
direct line from generator to transmission line ". That, again,
I think is a point where unanimous decision will be made.

Concerning the third, the vote will be by no means unanimous.
3. " Each conductor should be surrounded and separated

from every other by a continuous fire-proof barrier ".
I think the vote of the large majority would be " no " rather

than " yes " to that, for the reason that the principal advan-
tage of enclosing bus-bars, wires, etc., is to prevent a destruc-
tive arc from forming between those bus-bars, etc. Now the
higher the voltage of a station, the less destructive become
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the arcs. With 2000 volts I presume there is about the max-
imum destruction that can possibly be got; at least I have had
occasion to believe that from seeing what a 2000-volt arc will
do with a very large amount of power behind it. I believe
thoroughly, judging from my own experience, that 2000-volt
bus-bars for any very large amount of power should be en-
closed, by all means; but for the same amount of power at
60,000 volts or at 40,000 volts I do not believe the same thing
holds. The destructiveness of an arc is in proportion to the
volume of current and goes up with some power of that volume
which I do not know-the square, at least, probably much
higher-and, as I said before, the higher the voltage the less
the amount of current available for producing destruction.
That is one very good reason for omitting these fire-proof
barriers at some point as the voltage of an installation goes up,
Another obvious and very good reason for omitting those bar-

riers is the difficulty of obtaining insulation as the voltage goes
up. Any material available for barriers must be considered
as dead ground on these high voltages.

For these two reasons, therefore, I believe that there will be
by no means unanimous assent to this statement in Mr. Black-
well's paper.

4. " The circuits should be as far apart as possible ".
This will be assented to, I believe, by the majority of engi-

neers. This statement is in contradiction to a certain extent
to his third, because introducing fire-proof barriers practically
means separating the wires double the distance that would be
necessary without the use of fire-proof barriers. There is no
fire-proof material that can be treated as an insulator at 60,000
volts and above; that is, no fire-proof material that is available
for use as barriers that can be treated as an insulator at 60,000
volts and above.

E. N. Lake: I might give an example of how this problem
was worked out in a small synchronous-converter sub-station
designed for operation at a potentialof 25,000 volts. I shall
endeavor to show by a sketch the arrangement of the circuits
and apparatus.
The transmission line wires were carried from the pole line

to a cross-arm built into the parapet of the sub-station, thus
making a design which was distinctly a part of the building
structure. From this point the line wires went directly into the
lightning-arrester tower. This tower was divided by a concrete
floor into two stories, as shown. The back portion of the
tower was further divided by vertical barriers running from
the floor line of the lower story to the roof of the second story.
These barriers were of brick four inches in thickness, built into
both floors and the roof, thus giving the barriers a rigid lateral
support. In the upper part of the structure the lightning-
arresters were installed. Below the lightning-arresters the
current transformers were located. Below the second floor the



860 HIGH-TENSION TRANSMISSION [May 24

bus-bar chambers were located, which, instead of being arranged
open on top were with closed top of concrete construction open
below. In the lower story, or switch room were located the

FIG. 1.

FIG. 2.

ol -switches. The barriers -which extende-d from floor to roof
formned the barriers between the oil-switch compa-rtments.

The transmission line was so situated that it was convenient
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to bring the wires in directly to a lightning arrester tower lo-
cated at the back of the station. The switch on one side con-
trolled an incoming or outgoing line and the switch on the op-
posite side operated as an individual rotary switch. At the
division wall between the switch room and the rotary room
there was an arched opening in the wall for the location of the
potential transformiers. This construction in general accom-
plished the end which Mr. Blackwell has brought out in his
paper, viz.: that throughout the sub-station fiom the point
where the high-tension wires enter the disconnecting-switches
on the lightning-arresters to the point where they entered the
top of the step-down transfornmers, every foot of that distance,
the phase wires were separated by fire-proof barriers.

L. C. Marburg: When sub-stations are taken into considera-
tion, the main arguments advanced in favor of enclosing leads
in compartments do not hold. If twenty or thirty miles of
transmission lines are introduced, the individual wires of which
cannot be separated by barriers, there seems little use in sep-
arating these wires so carefully in a sub-statioil at the end of
the line. If the building is fire-proof, a momentary arc that
cannot hold cannot be considered very dangerous, particularly
in view of the large resistance introduced by the transmission
line between the generating station and the short-circuit. Com-
partment work in every 200- or 300-kw. synchronous converter
station would involve considerable expense.

J. D. Jamieson: It has been my fortune to see some of the
extremes in high-tension work, represented in one case of
barriers carried to an excessive degree of refinement, and in
another case, where the potential was wvithin 10,000 volts of
the first, witlh no at tempt to provide barriers between
the conductors. The second case I cite bears out the remarks
just made about the inadvisability of providing barriers for
extremely high potential. This course might be advisable
from the standpoint of normal opeiation, or might take care
of any possible rises in potential which might be occasioned,
but there is another phase of the matter with which a large
central station has to deal; that is, accidental contact. With a
60,000- or 50,000-volt system of a capacity of perhaps 60,000
kw. and a reasonable number of distributing circuits, every
precaution has to be taken against accidental contact, and I
think if a large station were put up in the fashion mentioned,
without barriers, that we would find with a working construction
force of 50 to 100 men there would be quite a lot of trouble
due to the absence of barriers.
With regard to the addition of knife-switches to the system,

it has always been the endeavor of the coinpany withi which I
am connected to do away with the knife-switches to the extent
of putting disconnecting points in a circuit in enclosed par-
titions; that is, disconnecting-switches, which are necessary in
series with oil-switches, are put in the same compartment



862 HIGH-TENSION TRANSMISSION [May 24

On the higher potentials it is not possible to get oil-switches
which are equipped with disconnecting appliances. Therefore
we are forced to install knife-switches outside the oil-switch,
which call for additional barriers. In some cases we go further
than to provide barriers, we provide the barriers and then
insulate the conductors inside the barriers. This practice has
been pronounced superfluous by some, but we have had instances
of the worth of such construction. There have been cases where
an enormous flow of current, due to the accidental interruption
of the circuit, had caused the conductors inside the barriers
to be dislodged, and to rest upon the concrete shelves. In that
case we found that the addition of insulation to the conductors
prevented a very serious disaster. I think that barriers should
be used in all cases, and further, that although there is no
fire-proof material that is an absolute insulator, the effect of
the short-circuit is greatly decreased even though the arc
holds between the conductor and the barrier.
Fay Woodmansee: We all agree, I think, that the station

wiring niust be as simple as possible, and then after that the
question of separating depends entirely, I believe, upon the
voltage, the capacitv, and also as to whether the station is a
generating station or whether it is a sub-station located at the
end of a line. In a sub-station located at the end of a line, I
think the same as Mr. Marburg does; after a number of miles of
line that has been unprotected, why in the station separate
the wires from each other by barriers? In the station there
is less liability for anything to get across the wi1es, because the
wires are placed close to the ceiling. There it is almost possible
for anv material to get over them to cause a short-circuit and
shutdown. Consequently the additional expense is not war-
ranted, I believe, in barriers between poles of lightning-arresters,
or anything which may cause an arc in its operation. But in
the power house proper, where the question of keeping the po-
tential on the bus-bars is very important and there are a number
of men working in the station, I believe that the bus-bars should
be separated from each other by some fire-proof barrier, as much
to protect the life of the people who nmay be working in the
building as to make the service safe. I think in a good many
cases our stations are made much more complicated than they
should be.
The question of running leads from bus-bars I think is a very

important po.nt to consider. It is oftentimes easier to insulate
the bus-bars and run them lengthwise of the station and thus
cut down to a minimum the number of feet of cable required.
These cables can be run and protected in such a way that it is
practically impossible to cause trouble.

P. M. Lincoln: I am thoroughly in accord with what Mr.
Woodmansee has said with regard to the protection of life in
the station. I think that is absolutely the first requisite that
should be taken into consideration in making a switching
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layout. hIowever, I do not believe that that element compels
us to enclose each bus-bar or each wire in a fire-proof barrier.
In fact, my own opinion is that the modern tendency is rather
toward doing away with all buildings than putting buildings
around every individual wire and piece of apparatus in a sta-
tion. I think the timie is coming when the bus-bars, trans-
formers, switches, and practically everything else of that kind
will be put out in the weather, and a building put around only
the apparatus that it is absolutely necessary to cover, such as
instruments and things of that character.

E. N. Lake: I canlnot quite bring myself to agree with Mr.
Woodmansee or with Mr. Linicoln in regard to justifying the
additional expense of barriers. In a given case, where barriers
were used in a fire-proof sub-station cotnstructed of brick, con-
crete, and steel, the additional cost for the introduction of the
barriers wals probably twenty-five or mav be fifty cents per
kilowatt. It seems to me that such additional expense is fully
justified in the matter of safeguarding life. I think that the
protection of life is one of the nmost itnportant things that we
hlave to consider, it is in fact the most important thing to con-
sider in. designing stations for higher potentials.

P. B. Woodworth: Will Mr. Lincoln please explain how he
is going to safeguard life when he has his wires out in the open
with no house around them at all?

P. M. Lincoln: The space up in the air is very easy to obtain.
All there is to be done is to put the station out of reach. An
ordinary transmission line is not considered dangerous; it is out of
reach. Exactly the same thing caln be done with a sub-station.
It seems to me that, if it is logical to put fire-proof barriers
around the individual wires in a sub-station, it is just aslogical
to run those fire-proof barriers clear back to the generating
station. That reduces the fire-proof barrier proposition to an
absurdity.

E. N. Lake: If I wvere going to carry the transmission line
wires fronm the sub-station back to the generating station in
such a location that it was possible for the men in their daily
work to comne in contact with them, I would most certainly
put the barriers all the way from the sub-station to the power
house.
W. B. Jackson: Doesn't that reach the actual kernel of the

matter? Namely, where it is possible for the wires to be touched
by the employees in the regular performance of their duties,
the wires must be protected by the fire-proof compartments
or by separating walls of some kind, but as soon as the wires
are carried out of that zone then let them be free. That is
getting to be common practice, especially so in plants on the
Pacific coast, and it seems to be the logical way to arrange
high-tension wiring.

P. M. Lincoln: I think there is no disagreement on that point,
that the most essential thing in putting in a sub-station must
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be to protect life, but I do not agree that putting fire-proof
barriers around the wires is the only way to do that. Keep
them up out of the way, where they can not be touched by the
man in the regular discnarge of his duties. That is one way.
There are other ways, such as putting ground wires under them
or around them, as Mr. Stone has suggested. I think, however,
on the essentials there has been no disagreement, no very
material difference of opinion among us.

Dugald C. Jackson: Your suggestion that the future sub-
station will be out in the air reminds me of the stations of
certain of *the Western plants. They have step-down sub-sta-
tions, not converter sub-stations which require attendance,
but step-down sub-stations, where the building consists prac-
tically of a light wooden framework with corrugated iron over
it, and the line that passes over it drops down through the roof
through suitable terminals, and the wiring is run to the trans-
formers through ordinary- fibre conduit, using the usual linen
covered wire. That makes a sub-station that approaches the
limit of sinmplicity. It is almost the equivalent of having the
whole thing out of doors as perhaps it is even cheaper than
to erect the structure on an elevated platform, and it also
does this, which I think perhaps is likely to militate against Mr.
Lincoln's proposal to put everything outdoors; it protects the
transformer terminals and stuch switching terminals as are needed
from the beating of the weather,-the sleet and rain and that
kind of thing that one is bound to meet and which these ter-
minals practically need to be protected from.
Edwin W. Olds: When you call upon me to speak upon the

subjects that have been so interesting to-day, vou are calling
upon one who, while old in years, and in name, is very young
in that part of the butsiness. We are just putting in our first
single-phase alternating-current direct-current car equipments.
Electilcal engineering is somewhat otut of my line, but is very
interesting, and some of the points that have come up have ap-
pealed to me in a practical way. I anm not a technical nman in
any sense of the word. What little knowledge I have has been
pounded into me in the good old way.

I have noticed in our direct-current operation in Milwaaukee
that in certain sections of the city where there are a great many
telephone and other wires it is very seldom that any of our cars
are struck by lightning; but in other sections where the tele-
phone and electric light wires are not so plentiful, there is
trouble with our cars. From my standpoint, this is quite con-
clusive evidence that a grounded conductor is of a great deal
of importance, for, if it will protect our direct-current feeders
and trolley lines, why should it not protect the higher poten-
tial wires that are so much miore apt to be disturbed by the
lightning .

Bertrand P. Rowe (by letter): In following the development
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of systems of station wiring in connection with switchboard
installations, we begin with the single generator and the primitive
system of open wiring carried on porcelain knobs, which was
undoubtedly borrowed from the earlier experience of the tele-
graph companies, As the fire hazard from poor electrical wiring
became more universally recognized, insurance companies from
time to time insisted on better spacings, better insulation, and
absence of combustible material. The sizes of generating plants
have increased, and the amounts of power that have been con-
centrated on single sets of conductors or bus-bars have reached
such proportions that the old-time methods would not suffice
for their installation. With this new set of conditions, the
underwriters have not meddled. They have found that the
owners of generating stations are building fire-proof plants with
concrete floors, and structural iron and masonry walls, and they
have no regulations to offer regarding the installation of these
heavy capacities beyond what are already in vogue for those of
lighter capacity. Their fire-risks in such plants are small, and
they are interested more in applying their rules to the wiring of
factories and dwellings where there- is a fire-risk.
The designers of electrical power stations, however, have

found that with increased capacities at higher voltages there
exists the danger of serious damages and shutdowns, due to
arcs starting between conductors, being fed from conducting
gases from vaporized copper with the power of large generating
units concentrated behind them.
With low-tension systems, from 125 to 250 volts, this danger

did not exist, even with thousands of amperes in bus-bar capa-
city, fed from storage-batteries, because the voltage was too
low to maintain anything but a short arc. Difficulties of this
sort have been noticeable in plants of fromn 2000 volts and up-
wards, principally because 2200 volts is the lowest high-tension
voltage at which large amounts of power are concentrated.

In order to prevent arcs between conductors in smaller in-
stallations, the conductors were insulated. The practice in
these larger installations is to use bare copper bus-bars, and
insulate them by air-spaces, inclosed in fire-proof cells. All
cable connections are likewise carried in cells, as well as all
apparatus liable to cause an arc.
The practice of isolating the conductors has been followed

in all modern heavy capacity plants up to and including 15,000
volts. The reason for the practice will be well exemplified if
one starts out to design open-link fuse-blocks. It will be seen
that a fuse for 250-volt service may be constructed very easily
which will carry normally 2000 or 3000 amperes, and rupture
the circuit on an overload of 25% without difficulty.
Now if one starts to design 500-volt fuses, he will find that a

fuse to blow at 1200 amperes is a pretty difficult problem, and
with plenty of power behind it, the fuse-block will be hard to
construct which will not be destroyed by the arc. The ruptur-
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ing of the established arc will be quite a difficult thing without
careful study and design.
Now if one goes a step further and tries to design a 2200-volt

fuse-block one will get into difficulty when the capacity gets
above 300 or 400 amperes. And likewise one will find it difficult
to design a successful 3300-volt fuse-block for a larger circuit
than 200 amperes.

It follows, then, very readily that, as the voltage rises, heavy
capacity currents become more difficult to break; they maintain
themselves vigorously, destroying all material which may inter-
vene. The tendency, therefore, in all modern installations, is
to suppress all high-voltage arcs by eliminating as much as
possible the air-break switching devices, and by using oil-
switches, and placing barriers between conductors.
What the station engineer is doing for his own protection, is

heartily seconded by the Board of Fire Underwriters, who are
leaving the problem alone because not so vitally interested. And
the problem is undoubtedly being handled generally in a much
more satisfactory way than they themselves would feel free to
demand.
Some time ago the underwriters inspected the plant of the

Ontario Power Company at Niagara Falls, which has all of the
low-tension conductors and switching devices in fireproof cells.
The writer was much imnpressed by being told by these inspect-
ors that they had only one recommendation to make regard-
ing that entire installation, which was that a fire hydrant be
placed at each corner of the building. They stated that the
modern construction was ahead of anything they had seen at
that time in the way of fire-proofing.

In the selection of barriers, the engineer is limited at present
because the ideal commercial barrier does not exist. The
common practice is to separate all conductors from each other
and from grounds, using such distances that concrete or brick
barriers mav be used with safety. At high voltages, these
substances must be considered as grounds, since they absorb
moisture, and this makes necessary much wider spacings than
if the barriers were of insulating material. Soapstone, while a
little better than these, is still an absorbent miaterial, unless
impregnated. Porcelain is too dear, and glass will not stand an
arc. Asbestos lumber and transite make admirable fire-proof
barriers but are poor insulators.

Probably the nearest perfect barrier would be an impregnated
material like soapstone, and this is of course expensive. No
cheap insulating barrier being known, the common practice is to
support all conductors on suitable insulators and rely on the
grounded barriers for fire-proofing. The best practice assumes
that all insulated cables are subject to deterioration, and unless
they are protected by lead coverings with suitable end-bells,
thev are invariably as well supported on insulators as a bare
cable should be. This insures permanency.
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For installations of voltages above 15,000, the cellular con-
struction is not so prevalent. But the subject for high-tension
wiring for these voltages deserves great attention, because, as
stated by Mr. Blackwell, this part of the installation usually
gets scant attention when the building is designed. The very
best modern practice is to lay out this system of wiring in ad-
vance and design the building to suit.
The writer does not agree with Mr. Blackwell that the use of

barriers and fire-proofing for very high tension wiring is at
present more important than for wiring whose potential is from
2000 to 15,000 volts, for the reason that at the very high voltages
now employed the sizes of conductors are very small. They
will usually burn away instead of maintaining a fierce arc, such
as might be expected if heavy masses of copper are short-cir-
cuited. The practice of most station designers seems to sustain
this view of the case.
One of the reasons why the use of barriers and cells for con-

ductors has not been more extensively carried to higher voltages
is because the generating voltages now deemed practical are all
below 16,000 volts. Whenever the manufacturers are ready to
put commercial generators on the market to generate current
at 20,000 volts, this construction will be seen adopted universally
for that voltage wlhere heavy capacities are used. There are
even now some cases where large quantities of power are to be
distributed at 33,000 and 45,000 volts, and the cellular con.stric-
tion is advisable because of the heavy capacities that are carried
on the bus-bars.

In the writer's opinion the use of the barriers and cells, such
as are common with the lower voltages, are an unnecessary re-
finement in a majority of cases. In almost every plant operating
at pressures of 45,000 volts and upward, the potential of the
transmission system is raised to such a value that, with a given
line-loss, the size of conductor can be made as small as mechanical
considerations will warrant, to save expense in the transmission
line. So long as this practice obtains, and unless large amournts
of power are concentrated on high-tension bus-bars by bankinig
the step-up transformers, there will seldom be large masses of
copper in tlhe high-tension system to maintain. an arc. In fact
the condition where heavy conductors may be required on the
high-tension. system of 45,000 volts or more, can be, and usually
is avoi(led, by feeding separate banks of transformers into their
own transmission lines, with a relay bus-bar of small capacity
to enable circuits to be transferred from one bank of transformiers
to another in case of trouble.

In a modern power station, using oil circuit-breakers, if the
idea of barriers between all high-tension conductors, irrespective
of capacity, were logically carried out, it would be more necessary
to require these barriers between the wires on the transmission
line where the conditions of atmosphere and moisture are more
conductive to short-circuits, than to require them in a properly
wired power station where they are enclosed and. dry and as well
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separated as they are on the poles. Where air-break switching
devices are used, however, fire-proof barriers are certainly
necessary if there are conductors near enough to the arc to cause
any apprehension.

Another argument against the use of barriers between very
high-tension conductors in power stations is the increased size
of station often required if the idea is carried out properly, owing
to our inability to obtain a satisfactory insulating barrier. As
stated previously, all known barriers, except those of glass or
porcelain, must be considered as grounds for high-voltage circuits,
and glass and porcelain barriers are not practicable because of
brittleness and expense. Therefore, we are forced to use
grounded barriers, and the introduction of these barriers between
the high-tension conductors in a station compels us to space our
conductors much farther apart than they are for the transnmission
line, to provide sufficient insulation distance. It will be found
that to install these barriers properly, a larger amount of roorm.
and expensive construction will be required than is usually
warranted.
The most practical way to handle the problem is to confine

all apparatus which is liable to arc, and separate the conductors
by suitable air-spaces, using insulated conductors for the sake
of safety. A time may come when reliable insulating material
may be obtained in the form of fire-proof tubes through which
these conductors may be carried, and which will be sufficient
insulation to allow closer spacing of conductors. In such a case
the saving in space in a power station will be justification for
using them.
The writer believes thoroughly in providing an insulating

covering for all high-tension conductors carried in air in the
interior of a power station as a safeguard against accidents due
to accidental contacts. While it is preposterous to think that
cables carrying 60,000 to 88,000 volts can be insulated for safe
handling, yet the writer believes that they should be as well
insulated as possible to prevent workmen from being killed
by contact with poles or other implements.

In addition to this the wires should be marked with danger
signals and warnings to reynind the unwary. These precautions
may save loss of life and bills of damages which are usually
awarded against power companies who are found guilty of
carrying their deadly current on bare conductors where work-
men mnay be near enough to be shocked.

It may be possible to insulate the conductors with some of
the special tubing now on the market, with some form
of impregnated oiled muslin next to the cable so that there is
scarcely any danger to the cables, by preventing possible arcs.
The writer believes that the best and most conservative practice
in most cases will be to try to provide such arc insulation as this,
and then support the entire insulated cable on insulators with
good free air spacings between all adjacent conductors and to
ground.
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Stephen Q. Hayes (by letter): The writer agrees with three
of the principles enumerated, but does not believe that in stations
where voltages of 33,000 and upward are obtained by means of
step-up transformers "each conductor should be sur-
rounded and separated from every other by a continuous fire-
proof barrier ", and for the following reasons:

First, the violence of an arc and the destructive effect of a
short circuit seem to depend more on the amount of current
than power available, or for the same amount of power would di-
minish with increase in voltage.

Secondly, the short-circuit current available on the secondary
side of a transformer is less than that which would be supplied
by a generator wound for the same voltage and connected
directly to the bus-bars. The use of the transformers introduces
a cushioning effect.

Thirdly, as the fire-proof barriers offer a more or less perfect
ground for high-voltage circuits, the striking distance from wire
to ground has to be greatly reduced over what could be obtained
with open wiring in the same space.

Fourthly, the use of enclosed bus-bars and wiring ordinarily
necessitates several floors or galleries and a more expensive
building and more costly structures than the open wiring.

Fifthiy, it is more difficult to inspect and repair bus-bars,
wiring, disconnecting-switches, lightning-arresters, etc., that are
boxed in masonry compartments and only visible and accessible
by the removal of doors than if everything is in plain sight.
Incipient trouble will be noticed far sooner with open wiring
than with cnclosed and inspection will be more frequent and
thorough if the station attendant in a few minutes' walk can see
everything, than if he had to remove several hundred doors and
visit two or three floors to examine the condition of the apparatus.
As Mr. Blackwell refers particularly to the Toronto & Niagara

Power Company's transformer house at Toronto as a typical
example of the enclosed wiring and bus-bars, it might be stated
that at the time of a recent visit to that station in February, the
static discharge apparently from the 60,000-volt wiring and bus-
bars could be heard all over the building. This trouble may
have been remedied since that time, but is one far more likely
to be met with in a system of enclosed wiring than in a system
of open wiring such as that of the Ontario Power Company's
Plant at Niagara Falls.

C. W. Huttorn (by letter): The enclosed station for the higher
potentials has not, as stated by the author, been given the
attention which it appears its importance demands. Cable
insulation for potentials of 50,000 volts and upwards seems out
of the question and the only alternative seems to be the use of
long bus-bar ducts with the conductors mounted on suitable
insulating supports, (the ordinary line insulator being the most
common practice). The arrangement of the apparatus which
would seem most simple and satisfactory would be to set the
transformers in a straight line and in groups. A moderately



870 HIGH-TENSION TRANSMISSION [May 24

heavy brick wall should be built immediately back of the trans-
formers with openings suitably arranged for the passage of the
high-potential wires from the transformers, which should be set
with their high-potential sides next to the wall. Suitable open-
air disconnecting switches should be interposed between the
transformers and the openings in the wall and be mounted upon
the brick wall immediately above the transformers. Three bus-
bar ducts (considering that three phase working is to be used),
preferably of tiling on account of its many desirable features,
eacn1 having a section of approximately 2 ft. 4 in. by 2 ft. 6 in.
high should be arranged one above the other immediately back
of the brick wall, the bottom of the lower duct being approx-
imately level with the tops of the transformers.

Sectional bus-bars and line oil-switches should be arranged
in tile compartments immediately back of the bus-bar ducts,
the bottom of the compartments being on a level with the bottom
of the lower bus-bar duct. Suitable hand-operated oil-switches
for plants of from 10,000 to 15,000 kilowatts can now be made
up in three-pole units at a cost of about $175.00, including the
remote-control apparatus, so that the liberal use of oil-switches
is not prohibitive on account of expense.
One of these three-pole units can be very conveniently installed

in a space of 5 by 5 by 10 ft. long. From the oil-switches used
for the individual line circuits, the lines pass through suitable
wall openings to the outdoor disconnecting switches mounted on
poles immediately adjoining the building, thence to the trans-
mission lines. Remembering that all oil-switches have open-air
disconnecting switches on both sides, it will be seen that it is
never necessary to open the air-switches under load. Practice
has shown the above arrangement to work out very simply
in construction and highly effective in operation.
The low-potential station wiring at any voltage from 15,000

down has been so well standardized that time will not be taken
to discuss it.
Wm. McClellan (by letter): There is little doubt that the

enclosed wiring is much more desirable in power stations and sub-
stations when the voltage is less than say 20,000. Above this
voltage, engineers would do well to favor conditions which will
permit of open wiring as much as possible. It is a note-worthy
fact that, for the same power, as the voltage increases, the arc,
although capable of jumping over longer distances, becomes in
itself less destructive. It may also be noted that about the
only time an arc can start in a properly designed installation is
where open switching is done. So far as bus-bars, tap connec-
tions, and apparatus terminals are concerned, there is no danger
whatever in open wiring. The remedy then is to make use of
oil switches. It is usually found that for very high voltages
the amount of space required and the cost of complete installa-
tion would be far greater for the enclosed wiring than for the
ordinary open type. It is quite apparent that the trend of
design for very high voltage sub-stations is towards an inclosure
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as small as possible. The writer's conception of the future
very high voltage sub-station, or step-up portion of a power house
installation, is a small switching compartment enclosing the
control switches and meters, with transformers and remote con-
trolled oil-switch all out of doors. Under these circumstances
the lightning arrester is about the only place at which it would
be possible for an arc to start. As this will probably be out of
doors anyway, it does not affect the general question. Should
we be so fortunate as to get all that the electrolytic arrester
seems to promise, we should have no trouble here.

L. A. Herdt (by letter): Large hydroelectric plants of recent
design, operating under high voltages and developing large
amounts of power, show so much variety in the arrangement of
the electrical apparatus as to suggest wide differences of opinion
among the designing engineers as to what is considered necessary
and advisable to guard against the spread of arcs and to protect
the apparatus from trouble if it exists in one part of the plant.

In some cases the isolation of the high-tension apparatus and
conductors is carried out in such a way that each conductor is
surrounded and separated from every other by incombustible
walls and barriers. Transformers are placed in pits and isolated
from one another by heavy masonry fire walls. On the other
hand, in one of the largest hydroelectric plants of this country,
the high-tension bus-bars and disconnecting-switches are placed
in an open room without any intervening sections or barriers;
the transformers are walled in, but in groups of three.

In another installation of considerable size the transformers
will be found all placed together in one room, the high-tension
wiring is open without barriers of any kind; considerable distance
is allowed between the conductors and this has, so far, afforded
sufficient protection.
The writer, however, agrees with Mr. Blackwell that high-

tension apparatus and conductors require to be guarded against
the spread of arcs, and should be protected from fire spreading
from adjoining apparatus or from external sources. This pro-
tection is best secured by fire-proof barriers, but the extent of
this protection and the expenditure thus incurred should bear
some relation to the amount of power generated and the revenue
to be derived from the sale of the power. The writer is of the
opinion that when there exists a number of high-tension trans-
mission lines carrying large amounts of power, each transmission
line, with its high-tension switches, bus-bars, lightning-arresters,
and transformers forming one unit, should be separated alto-
gether by fire walls and the like from the apparatus belonging
to another similar set. Tne high-tension bus-bars common to
all the different units should be constructed with great care, and
whether placed in continuous fire-proof barriers or not they
should be provided with disconnecting- and tie-switches, so that
each unit could be operated as a separate plant or could be coupled
with the others when found advisable.


